We present observations of the neutron star X-ray binary and relativistic jet source Circinus X-1 made at 4.8 and 8.6 GHz with the Australia Telescope Compact Array during a time interval of almost 10 years. The system shows significant variations in the morphology and brightness of the radio features on all timescales from days to years. Using the time delay between the successive brightening of the different components of the radio emission we were able to provide further evidence for the relativistic nature of the arcsec scale outflow, with an apparent velocity β app 12. No compelling evidence for an evolution of the orientation of the jet axis was found. We also place an upper limit on the proper motion of the system which is consistent with previous optical studies. Besides the previously reported radio flares close to the orbital phase 0.0 (interpreted as enhanced accretion at periastron passage), we also identified outbursts with similar properties near the orbital phase 0.5. The global spectral index revealed a preferentially steep spectrum over the entire period of monitoring with a mean value and standard deviation α=-0.9 ± 0.6 (F ν ∝ ν α ), which became significantly flatter during the outbursts. Polarization was detected in one third of the epochs and in one case Faraday rotation close to the core of the system was measured.
INTRODUCTION
Circinus X-1 is one of the most exotic X-ray binary systems. The detection of type I X-ray bursts (Tennant, Fabian & Shafer 1986a,b) and twin kHz quasi-periodic oscillations in the X-ray power spectra (Boutloukos et al. 2006 ) strongly suggests that the compact object in the system is a neutron star. The nature of the companion star is more debatable: some evidence is pointing towards a low-mass object (Johnston et al. 1999) , while other towards a high-mass one Jonker, Nelemans & Bassa 2007) . If the companion star is a supergiant, as recent evidence seems to suggest (Jonker et al. 2007 ), then this is at odds with the low magnetic field that must be present in the system (as inferred ⋆ E-mail: vtudose@science.uva.nl (VT) from type I X-ray bursts observations, for instance). Thus Circinus X-1 appears to be a very exotic system, harbouring a young neutron star with a low magnetic field.
Neutron star X-ray binaries (XRBs) are classified according to their X-ray spectral and timing properties as Z and Atoll sources. The Z class comprises seven objects accreting near the Eddington limit. All of them have been detected in the radio band and show variable emission at cm wavelengths. The Atoll type form the largest class of neutron star XRBs and have X-ray properties similar to black hole XRBs. Due to their systematic lower radio fluxes, one order of magnitude less radio loud than Z sources, only five of them have been detected in the radio band. The behaviour of Circinus X-1 is puzzling, exhibiting similarities with Z sources (e.g. Shirey, Bradt & Levine 1999), but at times showing characteristics reminiscent of Atoll sources (Oosterbroek et al. 1995) . The orbit of the binary system probably has a relatively high eccentricity (e ≃ 0.4-0.9) that produces variations in the accretion rate on the compact object Nicolson, Glass & Feast 1980; Tauris et al. 1999; Jonker, Nelemans & Bassa 2007) . This offers an explanation for the periodic flares (P≃16.6 d) observed in X-ray (Kaluzienski et al. 1976) , infrared (Glass 1978 (Glass , 1994 and radio (Whelan et al. 1977; Haynes et al. 1978) , which are interpreted as enhanced accretion near the periastron passage.
Circinus X-1 is associated with an arcmin scale synchrotron nebula (Haynes et al. 1986; Stewart et al. 1993) which is probably powered by the jet originating close to the binary system (Heinz 2002; Tudose et al. 2006 ). The jet is observed in radio at arcmin as well as arcsec scales and was recently detected in X-ray band by Chandra (Heinz et al. 2007; Soleri et al. 2008) . Observations at cm wavelengths offered evidence for the presence of a relativistic outflow aligned very close to the line of sight ). However, X-ray (Schulz et al. 2008; Iaria et al. 2008 ) and optical (Jonker et al. 2007 ) spectroscopy seem to favour a significantly higher angle between the jet axis and the line of sight.
Besides the flux modulation at the orbital period, Circinus X-1 also exhibits 'secular' changes, documented in Xray and radio. The ASM/RXTE (All Sky Monitor/Rossi X-ray Timing Explorer) light curve (2-10 keV) shows that after a quasi-constant X-ray output, the flux decreased starting from 2000 up to now by one order of magnitude (Fig. 1, left, bottom panel) . The picture is even more dramatic in radio. In the 1970s-1980s the radio flares reached up to 1 Jy (e.g. Whelan et al. 1977; Haynes et al. 1978) , then they were detected at mJy level only (Stewart et al. 1991; Fender 1997; Fender et al. 1998) , until recently when a relatively increased radio activity from Circinus X-1 was noticed (Fender, Tzioumis & Tudose 2005; Nicolson 2007; Deller et al. 2007 ). This offered the opportunity to obtain new VLBI (Very Large Baseline Interferometry) observations of the system within the framework of the first Southern e-VLBI (electronic VLBI) experiment , after almost 25 years since the last successful VLBI observations (Preston et al. 1983) .
Circinus X-1 complex is very close to the supernova remnant SNR G321.9-0.3 on the plane of the sky. Optical observations Mignani et al. (2002) ruled out the possibility that the two objects are physically associated as it was assumed for a long time (Clark et al. 1975 ).
OBSERVATIONS
We have observed the X-ray binary Circinus X-1 during a time interval of almost 10 years, between 1996 and 2006, simultaneously at 4.8 and 8.6 GHz with the Australia Telescope Compact Array (ATCA). As primary calibrators we used PKS J0825-5010 (PKS B0823-500) for epochs 15 and 37 (see Table 1 ) and PKS J1939-6342 (PKS B1934-638) for the rest. PMN J1524-5903 (B1520-58) was used as secondary calibrator for the entire data set. Its positional uncertainty is, according to the ATCA calibrator catalog, between 100 and 250 mas. Throughout the paper we assumed conservatively the above upper limit as the systematic error in our determinations of positions. Standard calibration techniques were applied using the software MIRIAD (Sault, Teuben & Wright 1995) .
The observations were carried out at different spatial resolutions, although very similar (see the array configuration column in Table 1 and the ATCA website 1 ). To aid an homogeneous analysis, in obtaining the final radio images we have used the same restoring beams (size and orientation) for the entire data set at each of the two observed frequencies, for each weighting scheme, natural and uniform. The size of these beams is in general less than 5 percent different than the sizes of the default synthesized beams. The exceptions are the observations from epoch 14 when the difference was up to 40 percents (array configuration 1.5D) and most of the observations from 1996 July for which the default synthesized beams were very elongated due to the short observational runs. Because of this limitation the radio images from the 1996 July epochs 3-7, 9 and 10 are very likely to contain artifacts. However, we note that the calibration process was successful and the uv data should not be significantly affected. The only special case is epoch 10, for which the phase-referencing calibration was only partially successful, but we are including it in the analysis for completeness.
The flux density within a run varied sometimes by up to 30 percent. In general the variations were smooth over the duration of the observing sessions and tests made by selecting only parts of the data showed that the maps are not affected significantly by this behaviour. However, when a radio flare happened during an observational run the flux density changed by almost a factor 2 on timescales of hours. In these few cases artifacts could be present in the radio maps (see section 3, paragraph 4).
As mentioned in the previous section, Circinus X-1 periodically flares at radio wavelengths. We used the ephemeris derived from the onset times of 21 well observed such outbursts spanning the past 28 years (Nicolson 2007 ) to illustrate in Fig. 2 the orbital phase coverage of our observations. During the 10 years of data we have swept the entire orbit of the system, even though more often than not only once for a given orbital phase, and gaps in the coverage are present. Fig. 1 shows the "secular" light curves of Circinus X-1 in radio and X-ray, between 1996-2006. The averaged X-ray output in the 2-10 keV band was constant around 75 counts s −1 (∼ 1 Crab) up to the beginning of 2000 when it started to decrease relatively fast reaching only a few tens of counts s −1 by the end of 2003. The radio fluxes plotted (presented in columns 6 and 7 of Table 1 ) are determined in the imageplane and are total flux densities, in the sense that contain both the contribution of the core and other radio emitting regions (jet features, knots) associated with the system. The radio data offer a totally different picture than in the 1970-1980s when the flares usually reached flux density levels of up to 1 Jy. From 1996 till 2006 the outbursts only peaked at a few tens of mJy. Admittedly, we only observed a few times close to the orbital phase 0.0, but the flux densities Table 1 . Observational log. The table contains the ordinal number of the epoch of observations, the date of the observations, the configuration code of the ATCA antennae, the modified Julian Day of the beginning of the observations, the total time of the observing session, the orbital phase interval swept during the observational run (radio ephemeris from Nicolson 2007), the total flux densities (core+jet) at 4.8 and 8.6 GHz measured in the image plane. On epoch 39, at 8.6 GHz a 3 σ upper limit is listed. On epoch 41 the target was detected at confidence levels of less than 3 σ. measured at other phases further support the evidence that indeed dramatic changes took place in the system since the 1980s. The true nature of these changes is unclear.
"SECULAR" EVOLUTION
At a shorter temporal scale, whether the decrease in the X-ray output observed starting with 2000 can be correlated with a change in the radio behaviour is hard to assess with confidence. On the one hand it does seem that the radio flux density levels became lower by comparison with those observed at similar orbital phases before, however the limited number of observations cannot exclude the possibility of this being an observational bias. On the other hand the flare observed on 2005 June 17 (epoch 40, Table 1 ) had the highest flux densities in the whole data set, although this might just as well be associated with an increase in the radio activity of Circinus X-1 as was observed in the last few years Nicolson 2007; Deller et al. 2007 ). Fig. 3 and Fig. 4 present the radio images of Circinus X-1 at 4.8 and 8.6 GHz. In most of the images a jetlike structure is evident towards SE. This is interpreted as the approaching jet in a system (a microquasar; e.g. Mirabel & Rodríguez 1999) in which the ejection of matter is along a direction close to the line of sight (e.g. Fender et al. 1998 . This arcsec scale jet has roughly the same position angle as the observed arcmin scale jet (e.g. Stewart et al. 1993 ) and might constitute part of the channel through which the energy is transferred from the core to the radio nebula (Tudose et al. 2006 ). In the same framework of the microquasar interpretation, at a few epochs (e.g. Table 1 ). Radio ephemeris from Nicolson 2007. 23, 25, 28) the receding jet was identified as the excess of emission towards NW.
Some of the observations close to phase 0.0 (images A, B -18, 22, 32, 33 , 40 in Fig. 3 and Fig. 4) show a significant different orientation of the jet axis than the "normal" NW-SE direction. This is very likely an artifact, resulting from variability of the source during the aperture synthesis. Test maps made in these cases with uv-plane selected data outside the instants of the outbursts, show that the radio emission has a NW-SE orientation. In order to accommodate the radio observations, which require a small angle between the jet axis and the line of sight , with the optical and X-ray data, which prefer a larger angle between the two (Jonker et al. 2007; Schulz et al. 2008; Iaria et al. 2008) , it was suggested (Iaria et al. 2008 ) that the jet is precessing. Although the data analyzed here cannot entirely rule out this possibility, we did not find any unequivocal evidence for significant changes in the orientation of the jet axis with respect to the line of sight.
The radio images between 1996-2006 reveal a system in which the variations in the morphology and brightness of the radio features are characterized by timescales of days. Individual, well defined emitting regions are seen sometimes as far as 10 arcsec from the core (0.05 r pc, with r the distance to Circinus X-1 expressed in kpc), along a NW-SE direction (e.g. images A -35, 39). Unfortunately, the limited amount of data (mainly the lack of enough closely spaced observations) and the magnitude of the systematic errors didn't allow a confident measurement of the proper motion of the various features.
In addition to the usual radio flares close to the orbital phase 0.0, we have identified outbursts also near the orbital phase 0.5 at epochs 15 and 20 (Fig. 5) . Strong evidence for similar outbursts was also present at epochs 8, 11 and 25. This has been noted just once previously in the literature (Fender 1997) . As is often the case for the flares close to the orbital phase 0.0, these outbursts also seem to appear preferentially as a series of flares, with a time separation of a few hours. Their relative amplitudes look similar, independent of their association with the periastron or apastron passage (Figs. 5, 6) . We stress that according to the ephemeris used (Nicolson 2007) , orbital phase 0.0 (which is interpreted as periastron passage) corresponds to the moment of the onset, not peak, of the flare. Although given the orbital coverage we cannot totally rule out observational biases (i.e. flares at other orbital phases), from our sample we can conclude that all the flaring events were associated with the orbital phases 0.0 and 0.5 (within a region of ± 0.1 in phase) and that this correlation suggests the existence of a causal relation between the increase in flux density and these particular positions along the orbit.
As remarked before, the outbursts near orbital phase 0.0 are interpreted as episodes of enhanced accretion at the periastron passage ). The accreting ma-terial is provided via Roche lobe overflow and wind accretion from the massive star (if indeed the companion is a supergiant as suggested by Murdin et al. 1980 and more recently by Jonker et al. 2007 ). The explanation for the radio flares close to the orbital phase 0.5 is less clear. We suggest that the wind accretion is responsible for producing them. The wind accretion rate is given by (e.g. Bondi & Hoyle 1944) :
where G is the gravitational constant, M is the mass of the compact object, ρw is the density of the stellar wind and v rel is the relative velocity between the compact object and the stellar wind. In an eccentric binary system, assuming homogeneous wind, the accretion rate has two peaks: one near the periastron, the other where the decrease in the relative velocity overcompensates for the decrease in the density of the wind. The exact position and width of this second maximum depend on the properties of the system, notably on the characteristics of the stellar wind (e.g. Martí & Paredes 1995) .
In this frame-work the multiple flaring components observed during an outburst can naturally be explained by invoking inhomogeneities present in the wind. However, given the uncertainties in the parameters characterizing the system, a more quantitative test of the hypothesis is not viable at the present time. Alternatively, the flares close to the orbital phase 0.5 might be related to the disc settling down into another increased accretion rate state after a period of reduced or suppressed accretion or settling down into a radio-loud state after a radio-quiet one (cf. black holes; e.g. Fender 2006 ). In order to provide a more quantitative record of the evolution of Circinus X-1 over the period 1996-2006 we have fitted the data in the image-plane using the task IMFIT in MIRIAD. The number of components (admittedly subjective) used in the fitting process varied between one and three, according to the appearance of the radio images. As a general rule, a new component was added to the fitting only in the case the residual map (obtained by subtracting the model map from the original, CLEAN-ed map) was showing compact emission at more than 3 σ level. All the components were refitted then simultaneously. The results are presented in Appendix A and Figures 3 and 4. To check the reliability of the image-plane fittings, we have also performed uv-plane fittings of the data at 8.6 GHz using the software DIFMAP. The two different approaches gave similar results, within the errors.
ULTRA-RELATIVISTIC OUTFLOW
Using a sub-sample of our data at 4.8 GHz, found evidence for an underlying relativistic flow in the arcsec scale jet of Circinus X-1. We have reanalyzed their data set in this context, taking also into account the simultaneous 8.6 GHz data. Only the observations made in 2000 October, 2001 May and 2002 December were suitable for such a study due to their dense temporal coverage (see Table 1 ). These are the same data presented in . The 1996 July subset was disqualified because of the many short individual observations and the likely artifacts that might be thus generated in the images. For each of the three subsets mentioned the data were selected such as to ensure a quasi-identical uv-plane coverage for the observations. For 2000 October and 2001 May we used for the image-plane fitting uniformly weighted radio maps since they revealed with a higher spatial resolution the structure of the radio emission. For 2002 December this was not possible because on many epochs Circinus X-1 was too weak and so we used the naturally weighted radio maps instead. The data from epoch 19 (2000 October 7/8) were not included in the analysis as a consequence of the limited common uv-plane coverage with the other observations from the same month. On a few epochs in 2002 December, the component 2 was not detected or it was impossible to identify with certainty. The approximate location of the components fitted to the data is indicated in Fig. 7 along with the corresponding light curves. Assuming that the peaks of the flux density of component 1 (the core) and component 2 observed at timescales of days are causally related (see for instance Fig. 8 showing the successive variations in the relative brightness of the different features of the radio emission) then the radio brightening of the core and of the knots further away appear to happen with a delay of days. The X-ray burst peaks in the same time interval and at least for some events evidence is mounting that the radio and X-ray outputs are correlated (Soleri et al. 2007 ). This phenomenology can be interpreted as evidence for a flow propagating outward from the core. If that is the case, then the outflow is indeed relativistic in Circinus X-1. The apparent velocity of the outflow in the plane of the sky can be expressed as:
where c is the speed of light, φ is the angular distance traveled by the flow in the time interval ∆t and r is the distance to Circinus X-1. Allowing for different possible identifications of the succession of the peaks of the flux densities, estimations of the apparent velocity of the outflow can be made (Table 2 ). The formal error in column 5 of Table 2 is up to 30 percent. The most confident results are obtained for 2000 October, when relatively more observations are available and the identification of the peaks in the light curves is more evident. A minimum apparent velocity of around 3r seems to be favoured by this data. The other two data subsets tend to suggest a slightly higher value. Even though the apparent velocities of the outflow might have different values during different outburst events, it is likely that this interval of variation cannot be very large.
In conclusion, given the limited amount of information that could be extracted from the data, we consider that there is enough circumstantial evidence that a minimum apparent velocity of around 3 ± 1 r can be confidently assigned to the outflow in Circinus X-1. For a distance r between 4 and 10.5 kpc (e.g. Jonker & Nelemans 2004; Iaria et al. 2005) this confirms the status of Circinus X-1 as harbouring the most relativistic outflow discovered so far in the Milky Way , with βapp 12.
SYSTEM PROPER MOTION
Circinus X-1 complex is on the plane of the sky just ∼ 10 arcmin away from the boundary of the supernova remnant mas yr −1 , much less than the expected value between 15 and 75 mas yr −1 predicted by the "runaway binary" hypothesis.
In Fig. 9 (top) we plot the positions of the core of Circinus X-1 between 1996-2006 as determined from the 8.6 GHz data. The observations from epoch 10 were excluded from the sample due to the phase-referencing problems encountered in calibrating this particular data set, which resulted Figure 4 -continued in unaccountable errors in the position of the object, as can be actually clearly seen in the radio maps not only at 8.6, but also 4.8 GHz (Figs. 3 and 4 , images A10 and B10). The diagram shows an apparent tendency of the points to align along a NW-SE direction (this tendency is also observed at 4.8 GHz). However, the position of the object "jumps" randomly from one epoch to another, with no preferential direction. To test if this could be explained by errors in the phasereferencing process, we used a compact source ∼ 7 ′ away from Circinus X-1, designated J1520.6-571 by Fender et al. (1998) which was observed during the runs starting with epoch 11. After phase-referencing it with respect to PMN J1524-5903 we fitted the data in the image plane. The resulting positions are reported in Fig. 9 (bottom) . The lack in Table 2 . The apparent velocity βapp of the outflow. Different possibilities for the identification of the time of the leading and following peaks are listed (see Fig. 7 ). φ is the angular distance between component 1 (core) and component 2. ∆t is the time delay between the leading and following peaks. r is the distance to Circinus X-1 (between 4 and 10.5 kpc, e.g. Jonker & Nelemans 2004; Iaria et al. 2005 this case of a similar trend in the distribution of positions as observed for Circinus X-1 strongly suggests that the phasereferencing process is not responsible for the tendency (or, more conservatively, is not the dominant factor). Instead, given the magnitude of the errors and the fact that the bulk of the radio emission in Circinus X-1 is oriented on a NW-SE direction (the jet axis), it is very likely that this tendency is an artifact of the fitting process, due to different jet structures at different epochs. Therefore, our roughly estimated upper limit to the proper motion of Circinus X-1 of 50 mas yr −1 is extremely conservative. This nevertheless places an independent constraint on the velocity of the system in the plane of the sky of vsystem < 240 r km s −1 , where r is the distance to Circinus X-1 expressed in kpc.
The errors in the position of the core are dominated at most of the epochs by the positional error of the phasereferencing calibrator (the exact value of which being unknown and assumed here to be the upper limit quoted in the catalog; see section 2). Future long-term observations of Circinus X-1 combined with a better knowledge of the systematic errors due to the calibrator will enable to further constrain the proper motion down to, and ultimately even better than the presently available optical limits.
SPECTRUM
The global spectral index of Circinus X-1, determined between 4.8 and 8.6 GHz, over the 10 years period of observations shows preferentially a steep spectrum with mean value and standard deviation (characterizing the scatter over the entire observed period) α = −0.9 ± 0.6 (Fν ∝ ν α ) (Fig. 10). This is, unsurprisingly, indicative of optically thin synchrotron emission.
In the observational runs in which flares were detected, clear evidence was found, both close to orbital phases 0.0 and 0.5, for a significant flattening of the spectrum during these outbursts. This behaviour is due to the fact that the flux density peaks first at 8.6 GHz, then at 4.8 GHz. The time lag is of the order of a few hours (see Figs. 5 and 6). The peak flux density is higher at 8.6 GHz than at 4.8 GHz (however see epoch 23 in Fig. 6 ). Such phenomenology was pointed out before, notably by Haynes et al. (1978) .
These properties of the flares are roughly consistent both with a model in which the synchrotron radiation is produced in a cloud of relativistic particles expanding adiabatically (van der Laan 1966; Haynes et al. 1980) , and with the internal shock model, in which the particles are accelerated in successive shocks produced in a quasi-continuous jet (Kaiser, Sunyaev & Spruit 2000; Vadawale et al. 2003; Fender, Belloni & Gallo 2004) . The data do not clearly rule out either of the two. Free-free absorption in the wind of the companion might also be at work in the system thus complicating any attempt to an interpretation at the moment.
POLARIZATION PROPERTIES
Polarization was detected at more than 3 σ confidence level on 13 epochs at 4.8 GHz and 1 epoch at 8.6 GHz. Faraday rotation (i.e. rotation of the plane of polarization due to the propagation of radiation through magnetized plasma) was observed on epoch 21 at a level of -175 ± 30 rad m −1 (Fig.  11) . A less confident detection (< 3 σ), consistent with the previous one, was made on epoch 22. We warn the reader that Nπ ambiguities might be affecting the calculations, especially since only 2 frequencies were available. The compact source J1520.6-571 located 7' away from Circinus X-1 (see section 5) is also polarized. Its Faraday rotation measure is +185 ± 30 rad m −1 . Since these two objects are so close on the plane of the sky, although the exact galactic or extragalactic nature of J1520.6-571 is not known, it is reasonable to assume that the galactic contribution to the detected Faraday rotation is about the same in both cases. Then, given the opposite sign of the rotation measure values observed in the two sources, the conclusion is that the galactic contribution has to be small in absolute value, of the order of a few tens of rad m −1 . Otherwise the intrinsic Faraday rotation measure (i.e. due to the immediate environment of the objects) would have to be fairly large for one or the other of the sources. Another hint suggesting a low galactic Faraday rotation measure towards Circinus X-1 comes from the attempts to mapping the whole sky. Containing around 800 reliable Faraday rotation measure, the map of Johnston-Hollitt, Hollitt & Ekers (2004) seems to favour a small in absolute value, likely negative rotation measure towards Circinus X-1 (galactic coordinates: l=322.
• 12; b=+0.
• 04). We can therefore tentatively estimate that the galactic Faraday rotation measure in the direction of Circinus X-1 is probably somewhere between -50 and 50 rad m −1 . If this is true, it means that most of the rotation . The larger scatter in the fitted position of Circinus X-1 is along the jet axis and so is unlikely to be real. measure in Fig. 11 is likely intrinsic, originating in a Faraday screen in the vicinity of the object. The polarization maps are shown in Fig. 12 . Assuming a -50 / +50 rad m −1 Faraday rotation measure within the galaxy, the electric vector position angles in Fig. 12 have to be corrected by rotating them counter-clockwise / clockwise by ∼11
• at 4.8 GHz and ∼3.
• 5 at 8.6 GHz. For an optically thin emitting region (as it is the case; see section 6) the magnetic field vectors are practically perpendicular to the electric field vectors. Although it is difficult to make strong statements, in the jet the electric field vectors seem to be oriented preferentially along its axis (e.g. maps C -12, 17, 22, 23 in Fig. 12 ) thus suggesting the presence of shocks at the interface between the ejected matter and the surrounding environment, while close to the core the electric vectors tend to be oriented perpendicular to the jet axis. Moreover, the orientation of the electric vectors position angles seems to be stable over the almost 10 year period covered by the observations. The fractional linear polarization is of the order of a few percents. 8, 4, 5.6, 8, 11, 16, 23, 32, 45, 64, 90 × the rms noise. The size of the restoring beam is 2.8 × 2.2 arcsec 2 , PA=0.
• 0. The gray code bar is expressed in rad m −2 . Only the region with a confident detection is shown. Please note that only two frequencies were used to generate the map.
CONCLUSIONS
We have presented ATCA radio data of the XRB Circinus X-1 at 4.8 and 8.6 GHz covering a period of time of almost 10 years. The radio maps reveal a complex structure of the radio emission with variations in the morphology and brightness of the different compact emitting regions (sometimes seen as far as 10 arcsec from the core, corresponding to a physical scale of 0.05 r pc, with r the distance to Circinus X-1 expressed in kpc) at timescales of days. The orientation of the radio emission is on a NW-SE direction in the plane of the sky and remains unchanged during the period covered by our observations. This suggests that if the jet is indeed precessing, as proposed by Iaria et al. (2008) , then its precession period should be much larger then the time span of our data set. We were able to confirm the claim of Fender (1997) for a radio flare not associated with the orbital phase 0.0. Further evidence was found that such outbursts do occur near the orbital phase 0.5 (within a region of ± 0.1 in phase). Their properties are similar to those of the outbursts commonly observed near the orbital phase 0.0. We suggested that the wind accretion from the massive companion might be responsible for producing them. showed that the outflow in the arcsec scale jet of Circinus X-1 is relativistic. Reanalyzing the data in some more detail and determining the time delay between the successive brightening of the various compact radio emitting regions, it was found that indeed the outflow seems to be relativistic with an apparent velocity βapp 12.
A study of the proper motion of the system was carried out. The errors in determining the positions of the core (dominated by the errors associated with the coordinates of the phase-referencing calibrator) allowed only an upper limit to be estimated, namely 50 mas yr −1 (vsystem < 240 r km s −1 , where r is the distance to Circinus X-1 expressed in kpc). This is however a conservative value and future observations together with improvements in the systematic errors of the calibrators will pull down the limit and offer a better constraint.
The global spectral index of Circinus X-1 (between 4.8 and 8.6 GHz) had a mean value and standard deviation of α = −0.9 ± 0.6 (Fν ∝ ν α ) during the monitoring period. The spectrum was flattening when flares were active, either close to phase 0.0 or 0.5.
Polarization emission was detected in one third of the epochs and in one epoch Faraday rotation was observed at a level of -175 ± 30 rad m −1 . The nature of the Faraday screen is unknown. Circumstantial evidence points towards an intrinsic origin, related to the immediate vicinity of Circinus X-1 itself, however this has to be tested in detail in future observations. In the jet the electric field vectors seem to be oriented preferentially along its axis tentatively suggesting the presence of shocks at the interface between the ejected matter and the surrounding environment.
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